Theory suggests a significant positive relationship in long-run equilibrium between the net foreign assets (NFA) of a country and its real exchange rate. Empirical tests have ignored two issues: the large variation in cross-country trade/GDP ratios, which is likely to induce substantial cross-country differences in coefficients when net foreign assets are scaled by GDP, and the reverse causality associated with valuation effects. A real exchange rate appreciation reduces the absolute value of NFA denominated in foreign currency relative to domestic GDP, because of the sizeable component of non-tradable goods in domestic GDP. This endogeneity biases the test results. New tests are implemented that address these issues. The valuation effect bias is found to be significant. The new tests nevertheless still support the existence of a long-run positive relationship between NFA and real exchange rates.
Introduction
The publication of a data set of foreign assets and liabilities for a substantial number of countries by Lane and Milesi-Ferretti (2007) has stimulated empirical research on the implications of large net foreign asset (NFA) positions. If, as discussed below, the rate of return on foreign assets exceeds the growth rate of GDP, in the long run a larger NFA position should be associated with a more appreciated real exchange rate in order to induce lower net exports to offset the increased net income flow (Blanchard et al., 2005; Devereux and Sutherland, 2010; Tille and van Wincoop, 2010) . This effect has been investigated empirically for real exchange rates by Lane and Milesi-Ferretti (2004) and Christopoulos et al. (2012) . Both find that the effect varies across countries, being most evident in poorer economies and more or less absent in rich countries. The same pattern of less (or in-) significant coefficients in richer countries appears in Durdu et al.'s (2013) analysis of the long-run relationship between NFA and net exports. Christopoulos et al. (2012) suggest that this difference reflects whether countries are or are not credit-constrained in international markets.
Here we demonstrate that the smaller coefficients estimated for richer countries can be to a significant degree explained by the feedback effect of real exchange rate movements on the relative valuations of assets and liabilities denominated in foreign and domestic currencies, as highlighted by Gourinchas and Rey (2007) and Lane and Shambaugh (2010) .
These valuation effects (VE) mean that countries whose foreign currency exposure (FXE) is positive (i.e. whose assets denominated in foreign currencies exceed their liabilities denominated in foreign currencies) experience a fall in their NFA/GDP ratio as the real exchange rate appreciates. This is the effect of the large weight in GDP of non-tradable goods and services, whose price rises in terms of foreign currency. This group generally comprises richer countries. In the opposite case (negative FXE), the valuation effects tend to imply a rise in the NFA/GDP ratio as the real exchange rate appreciates, as FXE gets less negative (i.e. debts denominated in foreign currency fall relative to GDP). This is typically the case in poorer countries. In the long-run steady state the valuation effects are zero, but in time series estimation any exogenous changes in real exchange rates that are not associated with the accumulation or decumulation of net foreign assets have feedback effects on the NFA/GDP ratio that bias the estimated coefficient in a way that varies systematically across countries.
The purpose of the present paper is to re-estimate the relationship between the real exchange rate and net foreign assets in a way that addresses the endogeneity issue. The results confirm that valuation effects are substantial, but also provide robust support for the underlying hypothesis of a positive correlation between net financial assets and the real exchange rate. It is also argued that the use of GDP as a denominator for net financial assets is a mis-specification that is liable to induce cross-country variation in coefficients. The tests presented here address this issue also.
Theory
The starting point is the identity:
where NFAt denotes net foreign assets at the end of period t; rt is the total return (income plus capital) on these net assets during period t; NX is net exports; VE is the valuation effects of exchange rate movements; and APM is the effect of asset price changes in whatever -4-currencies assets are denominated. 1 Converting this identity to a ratio of GDP, which grows at a rate gt, equation (1) becomes:
In the long-run steady state the ratio of NFA to GDP is constant, and VE and APM are zero, so in long-run equilibrium:
What is called net exports here is in fact the sum of the trade balance and all other items of the current account apart from net property income flows (which are already included in the rNFA term), such as workers' remittances. Assuming that these other components of the current account are relatively insensitive to the real exchange rate, the main mechanism for changing net exports is the negative relationship between the real exchange rate and the trade balance. Thus if (r -g) is positive, then a higher value of NFA/GDP should be associated with a higher real exchange rate, in order to induce lower net exports. Another possible mechanism is increased absorption relative to output as the additional income is consumed, at an unchanged real exchange rate; Rowthorn and Solomou (1991) argue that this is what happened in the United Kingdom in the 1870-1913 period. Lane and Milesi-Ferretti (2004) and Christopoulos et al. (2012) investigate the longrun time-series relationship between NFA/GDP and the real exchange rate (R) for a panel of 1 Equation (1) assumes equal rates of return on assets and liabilities. The analysis of US data by Curcuru et al. (2008) suggests that this is a reasonable approximation.
-5-countries, assuming constant coefficients across countries.
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Thus they estimate panel regressions of the form:
where i denotes countries and t time. 3 There are at least two reasons why the assumption of constant coefficients is problematic in this context.
One is the point made above: the accumulation of NFA tends to raise the real exchange rate, but for countries with positive FXE this has the accounting effect of devaluing existing foreign assets denominated in foreign currency relative to GDP, thus diluting the impact. The "signal" of accumulation of NFA will thus be more difficult to detect, as the noise associated with other factors causing changes in NX will dominate the data. The opposite is the case for countries with negative FXE, for which the accounting effect will reinforce the upward shock to NFA, so the signal is reinforced. More importantly, any exogenous changes in R (captured by u) will have feedback effects on NFA/GDP through FXE, so that the estimated coefficient in this regression is biased, with the direction of bias depending on the sign of FXE. The estimated coefficient of NFA/GDP for any particular country will therefore vary with FXE/GDP.
The second reason is that the elasticity of the response of trade flows to real exchange rate movements tends to be similar across countries. This implies marked differences in the effect on net exports as a ratio of GDP, because of the enormous cross-country variation in the ratio of trade to GDP (Isard, 2007) . Suppose that a 10% real depreciation raises exports by x% and reduces imports by the same x%. This implies that net exports increase by x% of total trade, which is about 0.25x% of GDP in the United States but more than x% of GDP in Belgium. Therefore it makes little sense to assume the same coefficients in a regression of R on NFA/GDP in these two countries; in general we would expect the effect to be larger in countries where the ratio of trade to GDP is smaller, because a given increase in NFA/GDP is a larger increase relative to total trade in these countries.
The second point can be dealt with by dividing equation (1) by total trade (XM)
instead of by GDP. Then equation (3) becomes:
where h is the growth rate of XM. Moreover, because of the exclusion of non-tradables, total trade flows measured in foreign currency are likely to be relatively immune to real exchange rate movements. The accounting problem in this case is the opposite one: net assets denominated in domestic currency, or domestic currency exposure (DXE), will vary with the real exchange rate as a ratio of XM, because the real exchange rate affects XM measured in domestic currency. Specifically, the absolute value of net assets or liabilities denominated in domestic currency will rise as a ratio of XM as the currency appreciates. As we shall see later, DXE varies less than FXE across countries, and is in most cases negative (i.e. liabilities exceed assets). The feedback effect of real exchange rate appreciations on NFA/XM will be positive for DXE > 0 and negative for DXE < 0.
Since this endogeneity is expected to affect only the DXE component of NFA, our strategy is to separate the (NFA/XM) variable into its two components (DXE/XM and FXE/XM), and to treat the FXE/XM as an unbiased estimator. We then estimate simultaneously the long-run and short-run effects of these two components of NFA on the real exchange rate using the following error correction model:
Country subscripts are added to the coefficients because in some forms of estimation they will be allowed to vary across countries. In equation (6), the terms in (DXE/XM) control for valuation effects, and the long-run effect of NFA on the real exchange rate is estimated from the coefficients of the FXE terms as m = (f/e). The implicit long-run relationship is:
This approach avoids the usual problems of loss of efficiency and instrument inadequacy associated with instrumental variable estimation; instead the endogeneity is assumed to be concentrated in one part of the explanatory variable (DXE), and only the other part (FXE) is used for estimation.
Data
Except where otherwise indicated, data are taken from the World Bank World Development
Indicators ( Table 2 shows what happens if we estimate an error-correction version of equation (4), using
Empirical Results

Main results
NFA as a proportion of GDP as previous authors have done, but splitting the sample into countries with positive and negative foreign currency exposure. Because we do not necessarily expect the coefficients to be identical across countries, because of differing endogeneity bias, we have used the Pooled Mean Group (PMG) method of Pesaran et al. (1999) , which constrains only the estimated long-run effect to be identical across countries.
The insignificant p-values of the Hausman test indicate that this restriction of identical longrun effects is not rejected by the data.
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In column (1), the sample consists of the 28 countries whose average FXE is positive (i.e. with assets denominated in foreign currency exceeding liabilities on average). The majority, but not all, of these countries are industrial countries. The estimated long-run coefficient for this sample is negative and significantly less than zero, contrary to expectation.
According to our argument, this is at least partly the effect of the endogeneity bias.
For the 48 countries with negative FXE, which are mostly emerging markets and developing countries, the regression is shown in column (2). The coefficient is positive and highly significant, as we expect because it should be biased upwards in this case by endogeneity. The results for two-way fixed effects estimation are shown in Table 3 . In column (1) of Table 3 the long-run equilibrium real exchange rate is assumed to be a constant apart from any NFA effects. The long-run FXE coefficient is positive, as expected, but with a t-statistic of only 1.21. The long-run DXE coefficient is negative, but also not statistically significant.
The short-run coefficients are of the same sign as their long-run counterparts, but also not statistically significant.
In the second and third columns of Table 3 we enrich the specification somewhat. In the second column we introduce per capita GDP relative to that of trading partners, to capture the Balassa-Samuelson effect that higher per capita GDP tends to be associated with a higher real exchange rate. The coefficient is significant with the expected positive sign, but a disadvantage is that the sample is rather smaller (56 rather than 75 countries). Nevertheless the long-run coefficients are plausible. The Balassa-Samuelson effect is estimated to be significant at the 1% level in both the long and the short run. The long-run coefficient of FXE is now estimated to be 0.130, and significant at the 5% level. The long-run DXE coefficient is now slightly positive, at 0.044, but with a t-statistic of only 0.87. 6 We also tried adding the terms of trade. For exporters of primary products, this would capture relative price movements that are probably exogenous, but for exporters of manufactures, the terms of trade are likely to be endogenous to the real exchange rate. Since the terms of trade variable turned out to be most significant for the industrial countries, for which the endogeneity problem is likely to be more severe, we decided to omit it. In column (3) of Table 3 , we include a country-specific time trend to capture unidentified factors that might shift the equilibrium real exchange rate; this adds flexibility to the specification without reducing the sample size as in column (2). The long-run FXE coefficient is significant and very similar to in column (2), at 0.127, but more statistically significant, with a t-statistic of 2.56. The long-run DXE coefficient is significantly negative (-0.109, with a t-statistic of -2.14).
The results shown in Table 3 suggest that there is a significant positive long-run effect of net foreign asset accumulation on real exchange rates. The lower (and often negative) coefficient of the DXE component implies that the true coefficient of NFA is likely to be underestimated if endogeneity bias is not taken into account.
In Table 4 we repeat the same exercise as in Table 3 but with fewer constraints on the coefficients. Instead of fixed effects estimation we use the Pesaran et al. (1999) Pooled Mean Group (PMG) estimation procedure, in which only the long-run coefficients are constrained to be equal across countries (i.e. the coefficients listed down to lnREER(-1) are countryspecific, and the figure shown is the mean of the country-specific coefficients, but the ratio of the coefficient of NFA(-1) to that of lnREER(-1) is the same across countries, yielding the same long-run estimate). The Hausman test statistic is always insignificant, which implies that the null of identical long-run effects across countries is not rejected by the data. The main effect of using this alternative estimation procedure is that the coefficients of FXE (-1) and DXE(-1) have much smaller standard errors than in Table 3 , and therefore much higher levels of significance. The estimated long-run FXE coefficient is considerably more variable than in Table 3, with point estimates of 0.279, 0.059 and 0.459 in columns (1) to (3) respectively, compared with 0.052, 0.130 and 0.127 in Table 3 . The estimated DXE long-run coefficient, which we expect to be biased downwards, is always negative, and statistically significant in columns (1) and (3). As in Table 3 , the short-run coefficients are not significant.
Are Industrial Countries Different?
An interesting question is whether, in these new tests, there is evidence of differences in the long-run effects of the accumulation of NFA on the real exchange rate across country groups of the kind suggested by previous research. Christopoulos et al. (2012) present some theoretical arguments why the relationship should be stronger in credit-constrained economies. Does the empirical evidence support this claim after allowing for valuation effects? To test this, we interact the FXE and DXE coefficients with a dummy for the industrial countries (the group that is not likely to be credit-constrained). Table 5 repeats Table 3 with the addition of these interaction terms, which should have a negative coefficient if the credit-constraint effect operates. The results in Table 5 show that the long-run FXE*IND coefficient is always negative, as predicted by the Christopoulos et al. (2012) hypothesis. Indeed the long-run FXE*IND coefficient is about minus one times the long-run FXE coefficient, implying a near-zero longrun effect in the industrial countries (but a slightly larger long-run FXE effect than in Table 3 for emerging markets and developing countries). On the other hand, the difference in coefficients between industrial countries and the rest tends not to be statistically significant: it is significant at the 5% level only in the reduced sample of 56 countries in column (2). It is worth noting that the within-country variation in FXE, as shown in Table 1 , is particularly high for developing countries, which should aid precise estimation of the coefficient for this group. The long-run DXE*IND coefficient is negative in columns (1) and (2), but never significantly so, and positive in column (3).
Thus our new tests offer some mild evidence that the relationship between net foreign assets and the real exchange rate is enhanced in credit-constrained economies.
Conclusions
So long as the real interest rate exceeds the growth rate, accumulation of net foreign assets, scaled by some appropriate measure of the size of the economy, should be associated with real exchange rate appreciation in equilibrium. When net foreign assets are scaled by GDP, as in previous tests, the effect is expected to be stronger in economies with lower trade/GDP ratios, because in these economies a 1% increase in NFA/GDP represents a larger increase relative to total trade, implying that a larger appreciation should be required to offset it. In addition, because foreign assets and liabilities are to a considerable extent denominated in foreign currencies, valuation effects can distort the relationship, and can potentially explain previous findings that it appears to apply only to poorer countries, which mostly have -19-negative foreign currency exposure. Negative foreign currency exposure means that a real exchange rate appreciation reduces debts denominated in foreign currency relative to GDP, thus improving the NFA/GDP ratio through a valuation effect. In this paper new tests have been developed to address these issues. Net foreign assets were deflated by total trade instead of GDP, and NFA was split into foreign-currency and domestic-currency components to isolate the valuation effects, which should now be concentrated in the domestic-currency component, assuming that the foreign-currency value of total trade is relatively immune to real exchange rate movements.
The results for the foreign-currency component of net foreign assets confirm that, as the hypothesis predicts, in the long run the real exchange rate is significantly positively correlated with NFA in appropriate specifications (allowing for relative productivity and/or country-specific time trends). The results also confirm the importance of valuation effects.
The long-run coefficient of DXE was frequently negative and consistently smaller than that of FXE, which should be unbiased in our new tests. The negative bias to the DXE coefficient reflects the inflation of domestic-currency liabilities (which tend to exceed domestic-currency assets) relative to total trade as the real exchange rate appreciates. Christopoulos et al. (2012) argue that the relationship should be stronger in creditconstrained economies. Our results suggest that any such effect is not statistically significant in our maximum sample of 75 countries, although the estimated coefficient is somewhat higher in emerging markets and developing countries, but it is significant in a reduced sample when we allow for a Balassa-Samuelson effect.
